Objective: The aim of this study is to investigate the effect of patellar taping on balance and gait abilities in chronic stroke patients. Design: Randomized placebo-controlled trial. Methods: Thirty chronic stroke patients who have been diagnosed at least six months or before were recruited from R hospital. These study subjects were randomized to the experimental group (n=15) or placebo group (n=15). In the experimental group, patellar taping was applied while for the placebo group, placebo taping was applied. The Balance System SD was used for measuring dynamic standing balance in these two groups. In addition, the GAITRite (CIR System Inc.) system was utilized for calculating gait performance in these patients. Results: After application of taping, the patellar taping group showed a significant decrease in dynamic standing balance in their sway area (p<0.05). However, in the placebo group, there was no significant difference in dynamic standing balance ability and gait ability before and after application of taping. Comparison of the patellar taping group and placebo group showed significant differences in dynamic standing balance ability and gait performance (p<0.05).
Introduction
Stroke is a serious global health problem. Aspects of disabilities caused by stroke are various according to the affected region and its severity. In general, sensory deficits, cognitive problems, motor impairments, visual perceptual disorders and dysphagia mainly occur among stroke patients [1, 2] . In particular, postural sway, abnormal weight bearing or decreased standing ability may occur due to imbalance [3] . Also, decreased ability in having balance can be caused by decreased range of motion, muscular weakening, changes in muscle tone, sensory deficits, abnormal postural responses and cognitive problem [4] . Furthermore, abnormality in balance may increase the probability of falls, thus increasing social economic costs [5, 6] .
For improving balance ability in stroke patients, various studies have been conducted. They include visual feedback training [3, 7] , dynamic balance control training [8] , body weight shift control training [9, 10] , motor learning [11] , task oriented training [12] , Tai-chi program [13] , and virtual-reality training [14] . Each of these studies has confirmed the effect of balance training in stroke patients. Also, gait is one of the most prominent physical factors (marker) in assessing severity of stroke patients. Various gait factors exist; slow gait frequency, gait velocity, asymmetry between affected legs and less-affected legs, short stance phase of affected side, decrease in gait ability due to long swing phase compared to less-affected side [15] , or decrease in endurance can be the main cause of degradation in independent activity of daily living ability [16] .
Many studies were performed to increase gait ability of stroke patients. For example, progressive resistance exercise of low extremities [17] [18] [19] , robot treadmill gait training [20] [21] [22] , feed-back training [23] [24] [25] , treadmill gait training [26] [27] [28] , virtual-reality training [14, [29] [30] [31] [32] were conducted to prove the effect of each training on stroke patients.
Many studies have proven the effectiveness of taping in solving gait and balance problem in stroke patients. Taping helps protect and support joints while they perform functional movement [33] . Taping can also help increase kinetic stability of movement [34] . According to previous studies on taping in post-stroke patients, during the stance phase gait, application of gluteal taping resulted in improvement of hip joint extension [35] . In addition, Kinesio taping performed on stroke patients was reported to improve bio-electrical activation of the vastus medialis [36] .
Almost all of stroke patients showed tightness in their gastrocnemius muscle and weakness in their gluteus medius muscle on their affected side. Gastrocnemius tightness may limit ankle dorsiflexion, which can result in increased subtalar joint pronation and tibial internal rotation, contributing to abnormal pulling of the patellar tendon and the patellar malalignment [37] . Dysfunction of the gluteus medius muscle may induce excessive internal rotation at the hip. Increased internal rotation of the hip can contribute to a greater valgus force vector at the knee, thus resulting in patellar malalignment [38] . To ensure functional efficacy of patients, maintaining the patellar alignment in the trochlear groove of the femur is necessary [39] . Patellar taping effectively realigns the location of the patella. McConnell introduced a rehabilitation program incorporates patellar taping techniques to improve patellar tracking within the patellofemoral groove, as well as stretching of the lateral knee soft tissues, vastus medialis oblique strengthening, and closed kinetic chain training [40] .
However, up to date, there have been a lack of studies about balance and gait ability in hemiplegia stroke patients. In particular, application of taping for patellar and its effect on balance and gait abilities in hemiplegia patient is very rare. Therefore, in this study, the effect of patellar taping on gait and dynamic balance control ability in chronic stroke patients was investigated. This study tried to provide better clinical therapy techniques based on real life for chronic stroke patients.
Methods

Subjects
From July to August 2014, thirty stroke patients who were hospitalized in the Incheon Redcross Hospital in Incheon were recruited. These patients were divided randomly into two groups (patellar taping group, placebo group). Subject inclusion criteria was: hemiplegia patients who were diagnosed with stroke 6 months ago or longer, patients who can walk independently at least 10 meters, patients who have neither hemianopia nor dysopsia and patients who had a Mini-Mental State Examination-Korean (MMSE-K) score of more than 21. The study was approved by the institutional ethics committee, and participants signed a written informed consent prior to participation. 
Procedures
This study was conducted as a pre-post test ( Figure 1 ). Thirty chronic stroke patients who corresponded to the inclusion criteria were randomized to either the patellar taping group (n=15) or placebo group (n=15). Patellar taping group applied McConell taping on their knee joints. In contrast, the placebo group applied placebo taping on the equal side of knee joint. Before taping, dynamic standing balance ability and gait performance (velocity, cadence, step length, stride length) were pre-tested. Thirty minutes after taping, the same region where the pre-test was done were also analysed for comparison. At both pre and post test, subjects took a rest to allow for adaptation.
In the patellar taping group, non-elastic Endura-sports tape (OPTP, Minneapolis, MN, USA) and elastic Endura-fix tape (OPTP) were used as patellar-intervention. In placebo group, elastic tape Endura-fix tape was used for the intervention. In the patellar taping group, McConnell taping [40] was applied where the knee joint was pushed toward the inside to induce medial attraction, and then were taped. The advanced fixing tape was attached to prevent the skin from slipping and then non-elastic tape was attached on to it. In the placebo group, subjects were taped at the same place as patellar taping without inducing the medial attraction of the knee joint ( Figure 2 ).
To measure dynamic standing balance control ability, Balance System SD (Biodex Medical Systems, Shirley, NY, USA) was used. This Balance System SD is consisted of five analyzing programs: 1) movable round pad which can be directed both toward unstable anterior-posterior or medial-lateral direction, 2) target-screen monitor, 3) movement sensor, 4) data analyzing computer, and 5) printing machine. This study utilized postural stability test (PST) of the Balance system SD. In the PST, anterior-posterior, medial-lateral balance distribution was displayed on the screen. Also, scores for total anterior-posterior and medial-lateral were processed in the computer and printed out. The higher the balance score, the lower the balance ability of the patient. The intraclass correlation coefficient of this tool (program) is r= 0.80 [41] .
This study used GAITRite (CIR System Inc., Clifton, NJ, USA) to measure the gait factor (element) of subjects. Gait, temporal and spatial factors (velocity, cadence, step length, stride length) of patellar taping group were analyzed and compared to the that of the placebo group. All gait within the correlation coefficient was more than 0.96 at comfort gait velocity state [42] . 
Values are presented as n (%) or mean (SD). 
Data and statistical analysis
Statistical analyses were conducted using the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The baseline characteristics between two groups were compared using x 2 test.
Between-group comparisons of the changes between the pre-test and post-test were performed using the paired t-test, Within-group comparisons were performed using the independent t-test. Statistical significance was established as p<0.05.
Results
No significant differences were evident between the patellar taping and placebo group in baseline characteristics (Table 1) .
Dynamic balance and spatiotemporal gait parameters
Changes in dynamic standing balance control ability between pre-and post application of patellar taping is listed in Table 2 . In the patellar taping group, before applying patellar taping, dynamic standing balance control ability was 3.77 (1.44). After applying patellar taping, dynamic standing balance control score was significantly decreased to 2.45 (0.85) (p<0.05). In the placebo group, before applying placebo taping, dynamic standing balance score was 3.06 (1.11). After applying placebo taping, dynamic standing balance control ability was 2.82 (1.03) and there was no significant difference. Comparison of changes in dynamic balance control ability between both groups were made. In the patellar taping group, the change value was 1.32 (0.75). In the placebo group, the change value was 0.24 (0.61). There was a statistically significant difference between these two groups (p<0.05) (Figure 3) .
Changes in gait parameters after patellar taping are listed in Table 3 . Before applying patellar taping, gait velocity was 38.49 (16.76) cm/sec; after applying patellar taping, gait velocity was 46.13 (18.94) cm/sec, and there was a significant difference (p<0.05). Before applying placebo taping, gait velocity was 34.73 (11.07) cm/sec. After applying placebo taping, gait velocity was 35.84 (11.21) cm/sec and there was no significant difference.
For gait velocity change in pre-post application, changes in the patellar taping group was −7.64 (9.32) cm/sec; in the placebo group, the change was −1.11 (2.87) cm/sec. There was a significant difference between the two groups (p<0.05) (Figure 4) .
Before applying patellar taping, cadence was 64.98 (14.02) steps/min. After application, cadence was significantly increased to 74.39 (15.27) steps/min (p<0.05). Before applying placebo taping, cadence was 62.25 (9.75) steps/min. After application, cadence was 63.86 (10.57) steps/min and there was no significance improvement.
For cadence changes in pre-post applications, changes in the patellar taping group was −9.41 (8.10) steps/min and for the placebo group, the change was −1.61 (5.06) steps/min. These results imply a significant improvement between the patellar taping group and the placebo group (p<0.05) ( Figure 5 ). Before applying patellar taping, step length was 30.04 (8.47) cm; after application, the step length was significantly increased to 34.16 (8.50 ) cm (p<0.05). Before placebo taping, step length was 31.42 (5.85) cm; after application, step length was 33.32 (6.71) cm and there was no significant improvement. Pre-and post application changes between two groups were not significant ( Figure 6 ).
Before applying patellar taping, stride length was 58.91 (17.69) cm; after application, stride length was significantly increased to 65.01 (19.66) cm (p<0.05). Before placebo taping, stride length was 63.13 (12.67) cm; after application, stride length was 65.24 (11.97) cm and there was no significant improvement. There were no significant changes in stride length in pre-and post application between the two groups ( Figure 7) .
Discussion
This study was conducted to investigate the effect of knee joint-patellar taping applied on improving dynamic standing balance control ability and gait ability in chronic stroke patients.
Pfeiffer et al. [43] reported that the McConnell patellartaping program is intended to correct patellar tracking by medializing the patella, allowing patients to engage in phys- ical therapy exercise. Ernst et al. [44] showed that patellar taping on knee joint improved the alignment of the patella and stability of knee joints. Also, patella taping brought beneficial effects on balance ability of knee joint and function of lower extremity. In knee osteoarthritic patients, Crossley [45] confirmed that non-elastic taping immediately softened the inflammation tissues and improved the alignment of the lower extremity, thus enhancing their balance ability and physical posture.
As was proved in previous studies, this study also showed significant improvement in dynamic standing balance following patella taping on knee joints (Table 2 ). In contrast, placebo group showed no significant changes in their dynamic standing abilities. From this, we can assume that patellar taping improvement in balance ability is not caused from psychologic factors of patients. Rather it is estimated that patellar taping re-positions the patellar and aligns the symmetry of it, leading to rise in stability and dynamic standing balance ability.
Patellar taping, contrary to placebo taping, imposes pressure on joint when it is applied. This pressure can provide stability on the joint. However, placebo taping applied on the same area as that of the patellar taping showed no changes in this area.
From this result, we can suggest that simple stimulation of proprioception by taping is not effective in improving standing balance in stroke patients. Pressure of taping is a more important factor in providing stability and improving dynamic standing balance ability of knee joints. This method, providing stability on lower extremity joints in stroke patients, has a common concept with an ankle foot orthosis, which is used for balance ability in stroke patients [46] .
According to Allet et al. [47] , asymmetrical weight bearing imposed on stroke patients enhanced control ability in the less affected lower extremity. This led to changes in compensation, thus aggravating asymmetry in gait pattern of stroke patients. In the swing phase of the affected lower limb, decreased muscle power in lifting foot delayed the swing phase time, and this leads to decreased ability in moving weight towards the affected side [48] . Therefore, in treating stroke patients, asymmetrical alignment of lower limb should be considered, and estimation of gait variation to compare asymmetric relationship in gait is very important.
Lin et al. [49] reported on gait performance and lower limb's motor function, and the correlation of joint positional sense based on twenty-five patients. In this study, changes in ankle joint positional sensory made a significant difference in gait velocity and stride length. Carse et al. [50] conducted a study on eight patients who were diagnosed with stroke. In this study, the effect of lower limb re-alignment on gait was investigated. The results showed that the walking velocity, overall average step length and cadence were significantly increased from 0.22 to 0.36 m/s, 0.28 to 0.37 m, 45 to 56 steps/min respectively. Also, Lewek et al. [51] reported a case study based on two chronic stroke patients. In this study, after conducting a proprioceptive feedback program, both patients improved gait speed and spatiotemporal symmetry.
From this study, after application of patellar taping, there was significant changes in gait variables such as cadence, step length, stride length, gait velocity (p<0.05). However, similar to balance ability, the placebo group showed no significant changes in gait parameters.
Patellar taping used in this study enhanced patellar tracking in the patellofemoral groove and this result in complete range of motion and re-alignment without causing pain. Therefore, patellar taping can be used to improve functional status of patients who were physically disabled due to various diseases [43] .
McConnell patellar taping method is used to maintain positional fault corrected by repositioning. The application of patellar taping enhances joint position sense and proprioception through skin, tendon, and muscle stimulation. This process reduces pain and helps assists in patient recovery. We can conclude that applied and re-aligned region of the patella and enhancement of proprioception has led to the improvement in gait ability.
Due to the small sample size, chronological changes in data of stroke patients were difficult to attain. Therefore, it is difficult to generalize the results of this study this study in the clinical world. Also, this study only measured dynamic standing balance among various balance types. In further studies, the effect of patellar taping on various balance types should be investigated to generalize the results on all types of stroke patients. From these limitations, follow-up tests would be appropriate to compensate for the limitations of this study.
Patellar taping application significantly increased dynamic standing balance ability and gait ability in chronic stroke patients. Therefore, if patellar taping is applied to stroke patients, asymmetrical alignment in body and dynamic standing control ability and gait ability would be improved in great amounts.
